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(54) DRIVE CONTROLLER FOR MOTOR-DRIVEN HIGH-SPEED ROTATING BODY AND METHOD 
FOR DISCRIMINATING TYPE OF MACHINE USED THEREFOR 



(57) An objective of this invention is to provide a 
drive control device to control the drive of a high-speed 
rotor unit (e.g. pump unit A) which would have no cir- 
cuits in either its pump unit A or its power supply unit B 
that would limit the use of the device with various types 
of rotor units. The drive control device should be usable 
wHh various types of rotor units, and its power supply 
unit B should be generally usable. The drive control 
device for controlling a high-speed rotor unit according 
to this invention has a power supply unit B containing a 
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set of tables of constants needed to control the various 
types of rotor units A with which the drive control device 
might t>e used. These constants allow the rotation of the 
high-speed rotor unit to be adjusted or set according to 
the type of rotor unit. A signal intended to detect and 
indicate the type of rotor unit to be driven by a motor is 
automatically detected and input before the motor is 
driven. Based on this signal, the appropriate table is 
selected. 
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Description 
Technical Reld 

[0001 ] This invention concerns a drive control device 
for controlling a motor driven high-speed rotor unit and 
a disaiminating method used In the drive control device 
to discriminate among different types of rotor units 
which are to be controlled. More specifically, it concerns 
a drive control device for controlfing the drive applied to 
a high-speed rotor unit with magnetic bearings such as 
that in a turtx) nx)lecular pump, a compressor or turbine, 
or applied to the spindle in a rotor tool unit, and the dis- 
criminating method used in the drive control device to 
discriminate among these different types of rotor units. 

Technical Background 

[0002] Magnetic bearings experience less loss than 
traditional hydrodynamicalty lubricated bearings. Being 
dry, they can be used in a clean atmosphere. They are 
also particularly practical for use in a vacuum state. For 
these reasons, magnetic bearings have come to be 
widely used to support the rotating parts of high-speed 
rotor units driven directly t)y motors, such as the rotors 
in turtx> molecular pumps. 

[0003] A high-speed rotor unit supported by magnetic 
bearings, such as a turbo molecular pump, would typi- 
cally have the configuration shown in Figure 9. Pump 
unit A and power supply unit B are electrically con- 
nected via cables 40. On side A are the pump itself; 
motor 29, which is directly connected to the pump; mag- 
netic bearings 9, which maintain the position of the rotor 
of the motor 29 and the rotating portion of the pump 
connected directly to that rotor; arxj position sensors 
24. which detect the gaps between the bearings and the 
rotor. 

[0004] Power supply unit B comprises motor drive cir- 
cuit 34 (a power supply circuit which possibly includes 
an inverter circuit) for driving motor 29, which is directly 
connected to the rotor; magnetic bearing control circuit 
32 and magnetic bearing drive circuit 33. which receive 
the signals from the aforementioned position sensors 
24 and control the drive voltages to magnetic bearings 9 
(electromagnets) so as to keep the rotor centered; and 
magnetic bearing power supply 31, which supplies 
power to drive the magnetic bearings. Units A and B are 
connected by cables 40A through 400. 
[0005] Each of tiie control and drive circuits. 32 and 
33, in power supply unit B configured as described 
above must be adjusted or set according to the type of 
pump unit used. 

[0006] Magnetic bearing Control circuit 32 controls tiie 
magnetic bearings to keep tiie rotor centered in one 
embodiment of this invention which will be discussed 
shortiy. This magnetic bearing control circuit comprises, 
as shown in Figure 4 (A), a PID control circuit 62 
equipped with a comparator element, an integrator ele- 



ment and a differentiator element; a phase compensa- 
tor circuit 63. which stabilizes tiie vibrations with a 
plurality of dimensions resulting from the configuration 
of the rotor; filter circuit 61 (a notch filter, a low pass 

5 notch filter, a tow pass filter or a phase filter) ; and a bias 
circuit 65, which applies bias cun^ent in order to assure 
that magnetic t)earings 9 can rigidly bear the static load 
imposed by the rotor. Each of these circuits must be 
adjusted by setting different cons ta nt s depending on the 

10 type of rotor unit being driven. 

[0007] Also in motor drive circuit 34, if the inverter is 
to be operated such that V/f remains constant, not only 
the constants needed to control rotation by maintaining 
tiie rated voltage and frequency, but also various addi- 

15 tional constants must be set to protect tiie rotor unit 
from oven/oltage, overcun-eht overload and excessively 
high frequency inputs. 

[0008] For tiiis purpose, limit element circuit cards 
32A to 34A are built into control circuit 32 and drive cir- 
20 cuits 33 and 34 in power supply unit B for each type of 
rotor unit. 

[0009] In prior devices, then, tiie pump unit A for a 
given type of rotor unit must be matched witii a particu- 
lar power supply unit B. The proper units A and B must 

25 be selected during assembly, and a power siqsply unit B 
and pump unit A selected for one type of rotor unit can- 
not be used for another type. Thus a different power 
supply unit must be selected for the pump unit used for 
each type of rotor unit. This severely compromises pro- 

30 ductivity. Such variation also poses a problem in terms 
of aftermartet administration and troubleshooting. If a 
number of different types of turtx) molecular pumps are 
used, it becomes difficult to design the layout for tiie 
rotor units and tiie plant in which they are used. The 

35 installation will occupy a great deal of space, and main- 
tenance will be troublesome. 
[0010] To address these shortcomings, the present 
. applicant proposed in Japanese patent application 8- 
317876 that the circuits in the power supply unit B be 

40 designed so as to limit the number of rotor unit types for 
which unit B woutel be applicable. According to the pro- 
posed design, which can be seen in Figure 8, element 
circuit cards 32A tiirough 34A for each type of rotor unit 
are provided in punp unit A for bearing control circuit 32 

45 and bearing and motor drive circuits 33 and 34. 
Although this design allows power supply unit B to be 
used generally, it requires that each circuit such as 
bearing control circuit 32 and motor drive circuit 34. be 
bM into tiie unit for each type of rotor unit, which limits 

50 tiie interchangeability of pump unit A.. This raises the 
production cost and increases the size of the hardware 
which constitutes punp unit A, which prevents the entire 
device from being streamlined. Another problem is that 
turbo molecular pumps are sometimes placed in the 

55 vicinity of equipment used in the production of SKnicon- 
ductors, particularly equipment where reactive sut>- 
stances are present such as vacuum containers (or 
chambers). The equipment or countermeasures 
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required to maintain reliability when such circuit boards 
are installed in such a location are very costly 

Description of the Invention 

5 

[001 1] An object of this invention is to provide a drive 
control device for controlling the drive applied to a high- 
speed rotor unit which would have no circuits in either Its 
pump unit A or its power supply unit B that would limit 
the use of the device with various types of rotor units, io 
which could easily be used with various types of rotor 
units, and whose power supply unit B could be used 
generally; and to provide a discriminating method for 
discriminating among different types of rotor units which 
' could be used in the drive control device. is 
[001 2] Another object of this invention is to provide a 
drive control device for controlling the drive applied to a 
high-speed rotor unit in a pump unit or the like which 
would not have any control boards in the pump unit, and 
. to provide a discriminating method for discriminating 20 
among different types of rotor units which could be used 
In the drive control device. This would simplify the con- 
figuration of the unit, improve productivity, stmplify after- 
market service, and enable a single type of power 
supply to be used with a number of different pump units. 2S 
It will make It easier to design a device or a plant in 
which the pump unit is used. The device or plant will be 
smaller and easier to maintain. 
[0013] In order to address the shortcomings outlined 
above, the present invention is designed as follows. The so 
drive control device for controlling a high-speed rotor 
unit has a high-speed rotor unit and a power supply unit 
B. The high-speed rotor unit is equipped with magnetic 
bearings comprising electromagnets at the rotor or the 
stator. The rotor is supported in mid-air by the magnetic 35 
force of the bearings as it is made to rotate at high 
speed, and the specified load function is implemented. 
The power supply unit B is equipped with a magnetic 
bearing control means to control the electric power 
applied to the magnetic bearings according to signals 40 
from position sensors in the high-speed rotor unit, and a 
motor drive control means to control the drive power 
applied to the rotor and stator of a motor. 
[001 4] This drive control device is distinguished k)y the 
configuration that the power supply unit contains a set 45 
of tatHes of constants needed to control the various 
types of rotor units with which the drive control device 
might be used. These constants allow the rotation of the 
high-speed rotor unit to be adjusted or set according to 
the type of rotor unit A signal Intended to detect and so 
indicate the type of rotor unit to be driven by the rotor is 
detected and input before the motor is driven automati- 
cally Based on this signal, the ^ropriate table is 
selected. 

[0015] The discriminating means to discriminate ss 
among various rotor units is realized ty connecting the 
high-speed rotor unit to the power supply unit by DIP 
switches or parallel terminal blocks, so that the type of 



rotor unit can be indicated by operating the DIP 
switches or parallel terminal blocks, the connector 
needs only to be connected to the power supply unit by 
a cable to enable the user to easily identify and indicate, 
before the motor is driven, what type of rotor unit being 
used. 

[0016] Let us assume that the drive nrKStor is an 
inverter which controls the r.p.m while maintaining a 
constant vottage/frequency (V/f) value. If voltage of a 
waveform which minimizes the ratio (V/f) is applied to 
the motor, the winding specifications of the motor, which 
will differ with the type of rotor unit being driven, can be 
detected. So if we detect a signal representing drive 
current while the rotor is at rest, we can easily deter- 
mine from the signal what type of rotor unit is being 
driven by the rotor connected to the motor. 
[0017] To explain this relationship in more concrete 
terms, the current value 1, which is the current supplied 
to an AC motor by an inverter, can be expressed as the 
following formula using voltage V. frequency 
F (= a>/2n ), resistance R and Inductance L 

l = V/(R+ja)L) (1) 

where o (= 27iF) is the angular velocity (which is pro- 
portional to frequency F). 

[0018] As is made clear by formula (1), the value I of 
the current which flows to the AC motor is determined 
by the characteristics of the motor, namely its winding 
specifications and the resistance of its cable (resistance 
value R and winding inductance L), according also to 
the voltage V applied to the motor and its frequency F. 
[0019] As formula (1) also makes clear, differences 
between current values I which are due to different 
winding specifications of AC motors will be greater the 
higher the frequency F generated by inverter 1 . 
-[002(g In other words, t>ecause the relationship 
between resistance value R and winding inductance L is 
such that R > L. unless if a high frequency is used, the 
d^endence of current I on frequency will not become 
apparent. 

[0021] The load relative to the AG motor on the pump 
which is directly connected to that motor (the gas load, 
the rotational Inertia of the rotor, etc.) will vary according 
to the type of rotor unit being driven. Since the required 
capacities of AC motors vary as above, naturally their 
winding specifications must also vary 
[0022] The current value I ftowing to the AC motor In 
response to a voltage V and a frequency F can be 
measured to determine what type of turtx> molecular 
pump is being driven. If all the current values I which 
result from different winding specifications are paired 
with the types of rotor units the pump unit can drive and 
are stored in a data table, then the table can be selected 
for the appropriate type of pump by the measured cur- 
rent value I as a discriminating signal, thus allowing the 
power supply unit to be adapted readily 
[0023] With this invention, one of the sets of constants 
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stored in the table is selected according to the discrimi- 
nating signal representing the type of rotor unit to be 
driven. This set of constants is loaded into either the 
magnetic bearing control means to control the magnetic 
bearings or the motor drive control means to control the 5 
drive produced by the motor or both. In this way these 
control means can be converted to the right control 
means equipped with the appropriate constants by the 
settings according to what type of rotor unit or what 
type of turtx) molecular pump, Is to be driven. This is w 
one of the distinguishing features of the present inven- 
tion. 

[0024] In this drive control device for the high-speed 
rotor unit which loads the constants for the magnetic 
bearing control means and the motor drive control is 
means, the set of constants for each type of rotor unit 
can be retrieved by searching them in the table accord- 
ing to the discriminating signal so as to prepare the 
appropriate control means before It begins the control 
operation. 20 
[0025] The control means for corrtrolling the magnetic 
bearings and tiie motor drive need not be realized by 
hardware such as an independent analog or digital cir- 
cuit, but may instead be realized by software. 
[0026] This invention may also be used for a discrimi- 25 
nating mettiod to disaiminate among various types of 
rotor units witii high-speed rotor units. The high-speed 
rotor unit is equipped with magnetic bearings compris- 
ing electromagnets at the rotor or the stator. The rotor is 
supported in mid-air by the magnetic force of the bear- 30 
ings as It is made to rotate at high speed, and the spec- 
ified load function is implemented. The winding 
specifications of the motor equipped with the rotor and 
stator will vary depending of ttie type of rotor unit the 
rotor is a part of. In the disaiminating method for deter- 3S 
mining the type of rotor unit, tiie type of rotor unit being 
driven by the rotor is determined from a signal repre- 
senting the drive current of the motor which is detected 
while the rotor is still at rest This metiiod is a distin- 
guishing feature of the preswit invention. 40 
[0027] If tiie drive motor is an inverter which controls 
r.p.m by maintaining a constant voltage/frequency (V/0 
value, a voltage of a waveform which minimized the 
ratio (V/F) and maximized the frequency is applied to the 
motor for the purpose of determining what type of rotor 45 
unit is being driven by the rotor from the signal repre- 
senting drive current. This method is a distinguishing 
feature of tiie present invention. 

A Brief Explanation of the Drawings so 
[0028] 

Rgure 1 shows the principal components of the 
pump and power supply units of a first prefen-ed ss 
embodiment of this invention. In thte block diagram, 
the power supplied to drive the magnetic k>earings 
is conti-olled digitally. 



Rgure 2 is a flow chart of the order of operations 
performed by the embodiment in Figure 1. 
Figure 3 shows tiie principal components of the 
pump and power supply units of a second preferred 
emtxxliment of this invention. In this block diagram, 
the power supplied to drive the magnetic bearing is 
controlled by an analog circuit. 
Figure 4 (A) is a block diagram of the control circuit 
for the magnetic bearing which is used in the 
embodiment in Rgure 3. (B) shows tiie tables used 
in the same embodiment. 

Rgure 5 (A) is a graph of voltage with respect to fre- 
quency which shows tiie distribution of V/f for tiie 
drive generated for the motor in this embodiment 
and tiie current signal used to determine what type 
of rotor unit is being used. (B) shows tiie tables 
used in tiie same embodiment. 
Rgure 6 is a block diagram of the circuit to deter- 
mine what type of rotor unit is being driven and the 
circuit to control tiie drive generated by the motor in 
another preferred embodiment of this invention. 
Rgure 7 (A) is a vertical cross section of a turbo 
molecular pump in which the present invention is 
applied. (B) is a rough horizontal cross section 
which shows the placement of the magnetic bear- 
ings and the position sensors. 
Rgure 8 is a block diagram showing the relationship 
between a pump unit with magnetic bearings and 
the power supply unit which confols the drive to tiie 
pump unit in a device belonging to the prior art. 
Rgure 9 is a block diagram showing the relationship 
between a pump unit with magnetic bearings and 
the power supply unit which corrtrols the drive to the 
pump unit in another device belonging to the prior 
art. 

Preferred Embodiments 

[0029] In this section we shall give a detailed explana- 
tion of the invention with reference to the drawings, 
using preferred emtxxliments for the purpose of illustra- 
tion. To the extent that the dimensions, materials, shape 
and relative position of the components desaibed in 
these embodiments need not be definitely fixed, the 
scope of the invention is not limited to the embodiments 
as described herein, which are meant to serve merely 
as examples. 

IPOSO] We shall begin witti an explanation of tiie tjibo 
molecular pump employed in this invention, with refer- 
ence to Rgure 7. In Rgure 7 (A). 1 and 16 are the upper 
and lower casings, which are assembled into a single 
entity through the mediation of 0-ring 15 and a number 
of t)otts. The opening on top of upper casing 1 serves as 
gas intake port 2. An array of annular static blades (fixed 
t3lades) 4 is arranged vertically along the interior suriace 
of the casing 1 and separated from each otiier by spac- 
ers 13. 

[0031] Below static blade array (fixed blades) 4. seal- 



EP0939228A1 



ing ring 14 faces and surrounds the outer periphery of 
pump stages 8. a series of saew grooves which will be 
discussed shortly, across a nnicroscopic gap. This 
improves the ability of the pump to develop a pressure 
differential. s 
[0032] Lower casing 16 has an exhaust port 3 on its 
side. Beiow this port connector 23 is inserted into the 
pump. 

[0033] Support cylinder 17 rises vertically from the 
center of the upper surface of lower casing 16. On the 
inner periphery of the support cylinder 17, facing rotor 
shaft 7, are, starting from the top of the support cylinder, 
upper guard bearing 19; upper magnetic bearing 9; 
motor stator 12; lower magnetic bearing 10; lower guard 
bearing 20; and magnetic thrust bearing 1 1 . 
[0034] 6 is the rotating body of the punnp, which has a 
rotor shaft 7 extending downward fronri its upper sur- 
face. A vertical an^y of dynamic blades (rotary blades) 
5 radiates from the upper portion of the rotating body 6 
so as to be interpolated between the static blades 4. 
Screw pump protrusions 8. which resemble a screw 
thread, are disposed on the outer periphery of the lower 
portion of the rotating body 6. 

[0035] Rotor shaft 7, which is inserted into the support 
cylinder 17, engages motor rotor 21 in a location which 
faces the motor stator 12 to constitute AC motor 29. The 
upper magnetic bearing 9 is provided at the upper por- 
tion of the rotor shaft, and upper guard bearing 19 is 
provided above the upper magnetic bearing 9 in order to 
make proper gaps. 

[0036] The lower magnetic bearing 1 0 is also provided 
at the lower portion of the rotor sherft, and lower guard 
bearing 20 is provided below the lower magnetic bear- 
ing in order to make proper gaps. There is a round mag- 
netic plate 22 on the lower extremity of the rotor shaft 7. 
The plate 22 is inserted into magnetic thrust bearing 1 1 , 
which is attached to the sides of support cylinder 17. 
This magnetic plate controls the supporting shaft in mid- 
air in the direction of thrust (along the Z-axis). 
[0037] In other words, the upper and lower magnetic 
bearings 9 and 10 are arranged in pairs on the left and 
right (the X-axis) and front and rear (the Y axis) sides of 
the shaft, as can be seen in Rgure 7 (B). which is a 
cross section of the shaft taken orthogonally to its axis. 
In this way the rotor shaft 7 is supported in mid-air along 
its axis in such a way that there is no possibility of its fall- 
ing. The magnetic thrust bearing 1 1 (on the Z-axis) and 
upper and lower magnetic bearings 9 and 10 (on the X 
and Y-axes) maintain the rotor shaft 7 in mid-air in five 
axial directions as it rotates. 

[0038] Should there t>e an abnormality in the magnetic 
control exercised by any of the bearings 9, 10 or 11 
such that the position of rotor shaft 7 becomes eccentric 
and leans to one side or another, it will come in contact 
with upper or lower guard bearings 1 9 or 20 and its rota- 
tion will be compensated. 

[0039] When voltage is applied to each of the mag- 
netic bearings 9, rotating body 6 will be supported in 
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mid-air by its rotor shaft 7. When, in this state, the motor 
of the turbo molecular pump configured as described 
atx>ve is made to rotate at a speed of 10.000 to 100.000 
rpm. dynamic blades 5 will rotate between static blades 
4. and screw pump protrusions 8 will rotate facing seal- 
ing ring 1 4. As gases to be vacuum-exhausted are intro- 
duced through overhead intake port 2. the gases are 
pressurized in a first pressure stage in the space 
between dynamic blades 5 and static blades 4. The 
pressured gases are further pressurized in the thread 
channel formed by the screw pump protrusions 8 as a 
second pressure stage, and conducted toward exhaust 
port 3. 

[0040] In this emtxxiiment, each of magnetic bearings 
9, 10 and 11 has a position sensor 24, 25 or 26 near 
them. These sensors detect the gap (on the X and Y- 
axes) between rotor shaft 7 and support cylinder 17 at 
the locations of bearings 9,10 and 1 1 as well as the dis- 
placement in the thri^ direction. 
[0041] Figure 1 shows the principal parts of the first 
preferred embodiment of this invention, namely, a pump 
unit A employing the turtx) molecular pump which is one 
example of the high-speed rotor units, and a power sup- 
ply unit B. As can be seen In the drawing, pump unit A 
and power supply unit B are electrically connected via 
cat)les 40. As discussed akx)ve, punp unit A comprises 
motor 29. consisting of motor rotor 21 , which is directly 
connected to rotor shaft 7 of rotating body 6 of the 
pump, and stator 12; upper and lower magnetic bear- 
ings 9 and 10. which are placed above and below the 
motor rotor 21 ; magnetic thrust bearing 11. which sur- 
rounds the round plate at the lower extremity of the rotor 
shaft 7; and position sensors 24. 25 and 26, which 
detect the gap between the upper and lower magnetic 
bearings 9 and 10 and rotor shaft 7 (on the X and Y- 
axes) as well as the displacement in the thrust direction 
between magnetic thrust bearing 11 and the round 
plate. 

[0042] In this embodiment, the signals from the posi- 
tion sensors 24. 25 and 26 are transmitted by way of 
converter 36 and connector 37 tiirough signal catiie 40A 
to power supply unit B. 

[0043] Here DIP switch-type connector 38 is 
employed as the means to determine what type of rotor 
unit is being driven. 

[0044] The DIP switch-type connector 38 may be an 
independent entity which is separate from the connector 
37 for signal transmission, or some of the terminals on 
connector 38 may t>e used as the signal connector for 
signal transmission. 

[0045] For example, in tills embodiment terminals A 
through C might be used for signal transmission, while 
terminals D through G would function similarly to DIP 
switches. 

[0046] To use terminals D, E. F and Q as DIP 
switches, we would switch each terminal on or off. The 

four-place digital I/O signals (0000 to 1 1 1 1) set for tiie 
various types of rotor units would be transmitted via par- 
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allel signal cables 40B to discrimination unit 46 in power 
supply unit B, which would distinguish what type of rotor 
unit is being used according to which digital I/O signal 
(0000 to 1111) it received. 

[0047] For example, we might establish a set of digital s 
I/O signals such that (0001) indicated rotor unit type A, 
(0010) rotor unit type B. (0011) rotor unit type C and 
(0100) rotor unit type D. This would allow power supply 
unit B to distinguish easily among the various types of 
rotor units. *o 
[0048] Terminals D through G could also be used as 
ordinary terminals rather than DIP switches. In this case 
particular terminals among the four would be bridged in 
a given pattern according to the type of rotor unit. The 
signals indicating the connections would be transmitted is 
via parallel signal cables 40B to discrimination unit 48 in 
power supply unit B, which would distinguish what type 
of rotor unit was being used according to the pattern of 
short circuits it received. 

[0049] For example, a short between terminals D and 20 
E only might indicate rotor unit type A, one between ter- 
minals E and F only might indicate rotor unit type B, one 
between terminals F and G only might indicate rotor unit 
type C, and shorts between terminals D and E as well 
as F and G might indicate rotor unit type D. In this way 
power supply unit B could distinguish easily among the 
various types of rotor units. 

[0050] Power supply unit 6 comprises motor drive cir- 
cuit 34 (for example, an inverter circuit), which drives 
the motor 29 at a high speed; computing unit 51 in mag- so 
netic bearing control circuit 32 which receives signals 
from the position sensors 24, 25 and 26, controls the 
drive voltage applied to magnetic bearings (i.e., electro- 
magnets) 9, 10 and 11. and keeps rotor shaft 7 cen- 
tered; magnetic bearing drive circuit 33, which receives 35 
a signal from the computing unit 51 and switches on and 
off the drive voltage supplied from magnetic bearing 
power supply 31 by a transistor circuit 
[0051 ] As can be seen in Figure 4, the number of conv 
puting units 51, which serve as the magnetic bearing 40 
control circuit 32, and drive circuits 33 which are pro- 
vided corresponds to the number of pairs n of electro- 
magnets which constitute magnetic bearings 9. 
[0052] In other words, if as in Figure 7 (B) upper and 
lower magnetic k)earings 9 and 1 0 each have one pair of 45 
magnets in the direction of the X-axis and one in the 
direction of the Y-axis (making a total of four pairs), and 
magnetic thrust bearing 11 has one pair in the vertical 
direction, the bearing contains a total of five pairs of 
magnets. Then pump unit A will require five sets of posi- so 
tion SOTSors 24, 25 and 26. five of the conputing units 
51 , which perform calculations and control the voltage 
based on the signals representing the position of the 
shaft, and five magnetic bearing drive circuits 33 to 
drive the magnetic bearings. ss 
[0053] Since the data concerning constants to be 
used which are retrieved from table 50 (to be discussed 
shortly) are in the form of digital signals, the magnetic 



bearing control circuit 32 is realized as a computing unit 
51 such as a CPU, which can output control values 
based on digital calculations. However, because the sig- 
nals transmitted by position sensors 24, 25 and 26 and 
the control signals sent to magnetic bearing drive circuit 
33 are analog signals, an A/D converter 45 is provided 
on the input side of computing unit 51 to digitize the sig- 
nals from the position sensors, and a D/A converter 46 
is provided on its output side. This D/A converter 
changes the computational output of unit 51 to an ana- 
log signal which can be used to control the voltage to 
the magnets and outputs the analog signal to magnetic 
bearing drive circuit 33. 

[0054] Conrputing element 47, which has the function 
of a D/A converter, is placed on the input side of motor 
drive circuit 34. It converts the consta n t s retrieved from 
table 50 (to be discussed shortly) to analog signals and 
transmits them to motor drive circuit 34. 
[P055] Table 50. which is an essential feature of the 
present invention, contains as many magnetic bearing 
control tables 50A. the tables of constants needed to 
control the magnetic bearings, and motor drive tables 
50B, the tables of constants needed to control the motor 
drive, as there are types of rotor units. Based on a sig- 
nal from discrimination unit 48. table selector 49 selects 
the correct table 50 for the rotor unit beir^ used. The 
signal from table 50A to control the bearings is sent 
through computing unit 51 ; the signal from table 51 B to 
drive the motor is sent through computation element 47 
to motor drive circuit 34. 

[0056] Computing unit 51 , computing element 47, dis- 
crimination unit 48, takde selector 49 and table 50 can 
use a single computing unit, or a number of disaete 
computation units may be used. 
[0057] We shall next discuss magnetic bearing control 
table 50A. the table of constants needed to control the 
magnetic bearings, and motor drive table SOB. the table 
of constants needed to drive the motor. 
[0058] Figure 4 (A) shows a rough sketch of magnetic 
bearing control drcuit 32, a circuit which might be used 
to control the magnetic bearings. This circuit is in the 
public domain, having been piialished in Japanese Util- 
ity Patent No. 2522168. We shall explain the necessary 
constants as we discuss the control circuit 
[0059] First, the signals from position sensors 24, 25 
and 26 are passed with appropriate gain through an 
error amplifier or the like so as to provide position feed- 
back (not pictured) and then through low-pass notch fil- 
ter 61. Filter 61 filters out random noise in the nnid-high 
frequency band across a wide range. 
[0060] The feedback signal which has passed through 
the low-pass notch filter 61 is then fed through PID con- 
trol circuit 62. which consists of a proportional element, 
an integral element and a differential element. The sig- 
nal next passes through phase compensator circuit 63. 
which stabilizes the response with respect to the vari- 
ous characteristic frequencies of the normal modes of 
vibration resulting from the configuration of the rotating 
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body 6. When the control current needed for feedback is 
obtained, a bias current is added to the control current 
to ensure the static rigidity of magnetic bearing 9. The 
superposed bias current is applied to the base of the 
transistor which comprises magnetic bearing drive dr- 5 
cuit 33. and the drive power which drives the right mag- 
netic bearing 9Xp is controlled. The superposed bias 
cunrent is inverted by operational amplifier 64. the 
inverted current is applied to the base of the transistor, 
and the drive power which drives the left magnetic bear- 10 
ing 9X|_ is controlled. 

[0061] As cBsdosed in Japanese Utility Patent No. 
2522168, each of the main control elements pictured in 
Figure 4 (A) has its own computation method. A differ- 
ent constant set is used for a given element depending 75 
on the type of rotor unit being driven. 
[0062] In low-pass notch filter 61 , the constants set for 
each type of rotor unit are the notch frequency fn. the 
resonant frequency fo and the magnification factor Q of 
the resonance. In PID control circuit 62. the constants 20 
are tiie proportional constant P. the integral constant 1 
and the differential constant D. In phase conpensator 
circuit 63 tiiey are constant Is. a (the time constant) 
and the bypass cun-ent IB. 

[0063] These constant sets are tabulated for each 2s 
type of rotor unit in tables 50A (see Figure 4 (B)), the 
tables of constant sets needed to control the magnetic 
bearings. 

[0064] As is shown in Figure 4 (A), the constants may 
be tabulated as a formula which allows digitalization. In 30 
this embodiment tiiey are tabulated and built into com- 
puting unit 51. 

[0065] We shall next discuss table SOB. the table of 
constant sets needed to control the motor drive, with 
reference to Figure 5. 35 
[0066] As can be seen in Rgure 5 (A), the motor 29 of 
this enrtbodiment is controlled by inverter control such 
that V/f is constant. When increasing or decreasing the 
rpm of the motor 29, then, the voltage V and frequency 
f must remain in a fixed ratio. 40 
[0067] if motor drive circuit 34 is inverter controlled 
under tiie condition that V/f is constant, not only tiie con- 
stants related to the rated voltage and the rated fre- 
quency, but also other constants which must be 
tabulated for each type of rotor unit, such as overvolt- 45 
age. overcurrent. overload or excessive frequency can 
be tabulated for each type of rotor unit These con- 
stants, which have been tabulated for each type of rotor 
unit, are stored In Table SOB. shown in Figure 5 (B). 
[0068] Next we shall explain tiie order of operations so 
performed by tiiis embodiment, witii reference to Figure 
2. 

[0069] When the start switch of power supply unit B is 
switched on. discrimination unK 48 receives a signal 
consisting of digital I/O or a pattern of short circuits from ss 
DIP switch-type connector 38 which identifies the type 
of rotor unit (Step 1), and the type of rotor unit is recog- 
nized (Step 2). 



[0070] Based on the received signal, table selector 49 
searches the appropriate Table SOB of constant sets 
needed to control the motor drive and the Table 50A of 
cx^nstant sets needed to control the magnetic bearings 
(Step 3). 

[0071 ] After it selects the appropriate Table 50A (Step 

4) , computing unit 51 in magnetic bearing control circuit 
32, accepts the signals from the position sensors (Step 

5) . It performs the calculations for the type of rotor unit 
vvhich is being controlled and generates an output sig- 
nal to control the magnetic bearings (Step 6). Based on 
that output signal, it drives magnetic bearing 9 and 

. causes rotor shaft 7 to be supported in mid-air (Step 7). 
[0072] Based on the constant sets selected from table 
SOB. motor drive circuit 34 is loaded (Steps 8 and 9), tiie 
motor drive voltage is controlled (Step 10), motor 29 is 
driven, and its revolution rate is conti'Olled (Step 1 1). 
[0073] Thereafter, the magnetic bearing control proc- 
ess is repeated based on the constant sets specified in 
table 50 A as signals are received from the position sen- 
sors (Step 12). 

[0074] in Figure 3. another drive control device is 
shown which uses an analog control circuit instead of 
the computing unit 51 . This analog control circuit gener- 
ates an analog signal to control tiie t)earing. Ammeter 
60 in pump unit A provides the discriminating signal to 
indicate what type of rotor unit is connected to the 
motor. The type of rotor unit is determined based on the 
signal obtained from tiie ammeter 60. 
[0075] Since the constants stored in table 50 are dig- 
ital signals, they are changed to analog signals by D/A 
converter 52 before being transmitted to magnetic bear- 
ing control circuit 32. And since the signal representing 
the current which is detected is analog, it nrujst go 
through A/D converter 53 before being sent to discrimi- 
nation unit 48. where it is compared with values stored 
in a table to determine what type of rotor unit is being 
driven. 

[0076] Because the cun-ent must be detected in tiie 
control operation before motor 29 revolves, a means for 
tills purpose must be provided. 
[0077] The motor 29 of this embodiment is controlled 
by inverter control such that V/f is constant. Accordingly, 
when increasing or decreasing the rpm of the motor 29, 
voltage V and frequency f are controlled to have a fixed 
ratio. However, as tiie dotted line in Figure 5 (A) will 
show, it is desirable tfiat the current be detected by 
keeping voltage V low and frequency f high and apply- 
ing a voltage such that motor 29 does not revolve. 
[0078] The magnetic bearing control and tiie motor 
drive control in this embodiment can be operated using 
the same order of operations as in Figure 2. 
[0079] We shall now discuss, with reference to Figure 
6, another preferred ennbodiment of this invention in 
which tiie drive produced by the motor is confrolled 
based on tiie signal representing the type of rotor unit 
connected to tiie motor. 

[0080] Figure 6 shows a discrimination circuit for dis- 
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criminating a type of rotor unrt among different types of 
rotor units and a motor drive circuit for controlling the 
drive applied to the motor according to another pre- 
ferred embodiment of this invention. 71 and 29 are the 
inverter in power supply unit B and the motor of pump 
unit A. Here the inverter uses a PAM (pulse amplitude 
modulation) scheme. 

[0081] In Figure 6. 74 Is a rectifier connected to input 
power supply 71; 75 is a capacitor connected between 
the terminals of rectifier 74; 76a is a transistor whose 
collector is connected to one of the terminals of capaci- 
tor 75; 76b is a choke coil connected to the emitter of 
transistor 76a; 76 is a chopper circuit comprising tran- 
sistor 76a and choke coil 76b. 
[0082] 77a is a transistor whose collector is connected 
to the output tenninal of chopper drcuit 76; 77b is a 
diode connected in parallel with reversed polarity 
between the collector and emitter of transistor 77a; 77 is 
an inverter bridge circuit comprising transistor 77a and 
diode 77b; and 78 is a capacitor connected between the 
terminals of inverter bridge circuit 77. 
[0083] Chopper circuit 76 controls the output voltage 
V applied to AC motor 29. Inverter bridge circuit 77 con- 
trols the frequency F of the output voltage V applied to 
AC motor 29. 

[0084] With inverter 71 , the circuit elements on the pri- 
mary side of the power supply (rectifier 74 to capacitor 
78) comprise the power supply for the motor. 
[0085] 60 Is the current detection circuit (ammeter) 
which detects the value of the current I which Is flowing 
to AC motor 29. It consists of a resistor inserted 
between one of the terminals of inverter bridge circuit 
77 and one of the terminals of rectifier circuit 74. 
[0086] As the dotted line in Rgure 5 (A) suggests, the 
current is detected by keeping the voltage V low and the 
frequency f high and applying a voltage such that motor 
29 does not revolve, then detecting the current while the 
motor is at rest 

[0087] 48 is the discrimination unrt which discrimi- 
nates in analog fashion what type of rotor unit is con- 
nected to AC motor 29 based on the cun-ent value I. It 
might, for example, comprise a comparator and a circuit 
which sets a predetermined current for each type of 
rotor unit. The comparator could compare the current 
detected by current detect circuit 60 with the reference 
cun-ent for every type of rotor unit. It would then deter- 
mine what type of rotor unit is being run based on the 
output of the comparison, 

[0088] SOB is a control table in control circuit 80. a 
microprocessor. The circuit outputs a control signal 
according to the signal from disaimination unit 48 indi- 
cating the type of rotor unit it has determined is con- 
nected to the motor. Chopper drcuit 76 and inverter 
bridge circuit 77 are switched automatically by the con- 
trol signal d^ending on what type of rotor unit it is. 
[0089] 82 is an alamn connected to control circuit 80. 
If the type of rotor unit indicated by the signal is different 
from whatever type was previously specified, the circuit 



generates a signal indicating an abnormality to inform 
the user that the wrong rotor unit has been connected. 
The current detecting mode used to detect current value 
I in order to determine what type of rotor urut is con- 

5 nected to the motor should be set during a separate 
mode from the normal operating mode used to revolve 
AC motor 29. It might, for example, be estak>lished 
before starting up normal operation. At start-up. at the 
tow voltage shown in Figure 5 (A), when a current of 

10 high frequency F^ is supplied to AC motor 29, the cur- 
rent value Ir will be detected. 

[0090] Even if discrimination unit 48 does not consist 
of the analog device described atx>ve, the discrimina- 
tion unit can store a table which represents the winding 

15 specifications of AC motor 29, the digitized signal repre- 
senting the current value 1^ which flows when a specified 
output voltage and output frequency Fr are applied, 
ar^ the upper and lower ranges of the specified cun-ent 
value \f for each type of rotor unit. Then when the cur- 

20 rent value Ir is detected, the table can be used as a map 
search to pirpoint the type of rotor unit connected to the 
motor, and a signal can be output to convey this infor- 
mation. 

[0091 ] In response to the signal representing the type 
25 of rotor unit, control circuit 80 applies a control signal to 
the base of transistors 76a and 77a in chopper circuit 76 
and inverter bridge circuit 77. In this way the output volt- 
age V and output frequency F from chopper circuit 76 
and Inverter bridge circuit 77 can be adjusted in an 
30 appropriate fashion for the type of rotor unit connected 
to AC motor 29. 

[0092] If control circuit 80 determines from the signal 
that the type of rotor unit recognized is the appropriate 
one. AC motor 29 goes into normal operating mode. If 

35 the type of rotor unit recognized is not the one that is 
actually connected to the motor, an error signal E will 
drive alarm 82, and the motor will shut down. 
[0093] In this way the type of turbo molecular pump 
which is connected to the motor can be determined 

40 accurately and automatically under a variety of condi- 
tions. This will prevent damage to the high-speed rotor 
unit resulting from operator en-or and so will significantly 
Improve reliability and safety. 
[0094] In the embodiment discussed above, inverter 

45 71 used a RAM scheme; it should be dear that the same 
result could be achieved with an inverter using a PWIS^ 
(pulse width modulation) scheme. 
[0095] If the inverter uses PWM, the pulse width of the 
carrier frequency should be fixed. This will result in a 

so fixed output voltage V and a fixed output frequency F 
from inverter bridge drcuit 77. 
[0096] Further, as mentioned eariier, if the output fre- 
quency F is kept high, the differences between the vari- 
ous current values I for the different types of turtx) 

55 molecular pumps will be larger. Keeping the voltage V 
low and the frequency F high will result in more accurate 
discrimination of rotor unit types. 



8 



15 



EP0939 228A1 



16 



Effects of the Invention 

[0097] With this invention, as Is described above, 
there are no circuits in either the pump unit A or the 
power supply unit B which limit their compatibility with 
various types of rotor units. The units can be changed 
easily for different types of rotor units, and power supply 
unit B can be used with any type of rotor unit. 
[0098] There is no control panel in the pump unit, so 
the overall configuration is simplified. This increases 
productivity and makes it easier to provide aftermarket 
service. A single power supply device can operate a 
number of different pump units. This makes the rotor 
units and plants in which the pump unit is used simpler 
to design, smaller, and easier to maintain. 
[0099] Various other effects are also achieved. 

Claims 

1 . A drive control device for controlling a motor driven 
high-speed rotor unit comprising: 

a high-speed rotor unit equipped with magnetic 
bearings comprising electromagnets at a rotor 
or a stator of a drive motor, and supported in 
mid-air by the magnetic force of said magnetic 
bearings for rotating at high speed to imple- 
ment the specified load functions; and 
a power supply unit equipped with a magnetic 
bearing control means to control the electric 
power applied to said magnetic bearings 
according to a signal from the position sensors 
for said fiigh-speed rotor unit, and a motor drive 
control nrteans to control the motor drive power 
applied to the rotor and stator of the drive motor 
for said high-speed rotor unit, 
wherein said power supply unit further com- 
prises a plurality of tables of control constants 
to control various types of said high-speed 
rotor units, and an appropriate table out of said 
plurality of tables is selected for each type of 
high-speed rotor unit according to a discrimi- 
nating signal indicating the type of high-speed 
rotor unit before said Ngh-SF)eed rotor unit is 
driven. 

2. A drive control device according to claim 1 , wherein 
said discriminating signal is detected by a type of a 
connector connecting said high-speed rotor unit 
and said power supply unit 

3. A drive control device according to claim 1 , wherein 
said discriminating signal is detected by a drive cur- 
rent of said drive motor while said high-speed rotor 
unit is at rest. 

4. A drive control device according to claim 3, wherein 
said drive motor is an inverter drive motor which 



controls rotation speed while maintaining a voK- 
ageAfrequency (V/f) value for said inverter drive 
motor constant, and minimizing said V/f value by 
setting said frequency high. 

5 

5. A drive control device according to claim 1 , wherein 
said 

selected control constants from said plurality of 
10 tat}les selected according to said discriminating 

signal are loaded in at least one of said mag- 
netic bearing control means and said motor 
drive control means, and thus said drive control 
device can be converted to a specif ic drive con- 
15 trol device detected by said discriminating sig- 

nal. 

6. A drive control device according to claim 5, wherein 
said control constants are searched in said plurality 

20 of tables according to said discriminating signal 
before said magnetic bearing control means begins 
the control operation, and said searched control 
constants from said plurality of tables according to 
said discriminating signal are loaded in both said 

25 magnetic bearing control means and said motor 
drive control means. 

7. A discriminating method to discriminate a type of 
high-speed rotor unit used in a drive control device 

30 for controlling a motor driven high-speed rotor unit 
equipped with magnetic bearings comprising elec- 
tromagnets at a rotor or a stator of a drive motor 
which has various winding specifications depend- 
ing on said high-speed rotor unit wherein said rotor 

35 is supported in mid-air by the magnetic force of said 
magnetic bearings for rotating at high speed to 
implement the specified load functions, comprising 
a step of discriminating a specific type of said high- 
speed rotor unit by a drive cunent of said drive 

40 motor while said high-speed rotor unit Is at rest 

8. A discriminating metiiod to discriminate a type of 
high-speed rotor unit used in a drive comrol device 
for controlling a motor driven high-speed rotor unit 

45 having an inverter drive motor which controls rota- 
tion speed, comprising a step of: 

maintaining a voltage/frequency (V/f) value for 
said inverter drive motor constant: 
so minimizing said V/f value by setting said fre- 

quency high: and 

detecting a drive cunent of said Inverter drive 
motor. 

55 
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